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#1 An electron is accelerated from rest by a pd of 420V and then enters the uniform electric field
between two parallel plates separated by a distance, d. These parallel plates also have a pd of
420V across them and the electron enters halfway between the two plates.

cathode anode
ov +420V +420V
r N
*—— *—— [ i
g yd J
vacuum ov

fa) Show that, when the electron has travelled a distance, d, horizontally, it will have travelled
a distance of - vertically (from the point where it enters the parallel plates). [5]

(b)  Explain whether or not an oxygen ion with charge —2¢ accelerated from rest in the above
set-up instead of an electron would pass through the same point. [2]

Question taken from Edugas examination paper 842103, November 2020
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#2 2. @

(i)

Define the angular velocity, «, for a body moving in a circle. [1]

Two equations giving the acceleration of a body moving at constant speed in a
circle are:

ta

I

@=L and a=re’.

Show clearly that the equations are equivalent. [2]

fb) A moon called Deimos orbits Mars in a circular path of radius 23500 km. Astronomers
have calculated the mass of Deimos to be 1.45 x 10" kg, and the force exerted on it by
Mars to be 115 10" N.

(i

(i)

Calculate the speed of Deimos around Mars. [2]

Explain whether or not a moon of twice the mass of Deimos, but in a circular orbit
of the same radius about Mars, would have the same speed as Deimos. [2]

Question taken from Edugas examination paper 842101, June 2018

STEMUP.CO.UK



https://stemup.co.uk

#3

{a) A sphere made of caesium is placed in space and illuminated by ultraviolet radiation of
photon energy 10.3eV. The work function of caesium is 21eV. Explain in clear steps,
using Einstein’s photoelectric equation (and other physics), why the maximum potential
attainable by the caesium sphere is +8 2V [5]

(b)  Hence, calculate the maximum electric field strength around the caesium sphere given
that its radius is 6.5cm. [3]

Question taken from Edugas examination paper 842103, November 2020
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#4 A scientist investigating electric fields places two parallel plates X and Y a distance 3. 20mm
apart and connects them to a high voltage supply as shown. There is a vacuum between the
plates.

3.20mm

(a) Sketch the electric field pattern between the plates indicating clearly the direction of
the field. [1]

(b}  Electrons are accelerated from plate Y to plate X. Calculate:

(iy the force on an electron; 2]

(i)  the gain in kinetic energy of an electron as it travels from Y to X; [2]

(i) the time it takes for an electron to travel from Y to X. Assume the electron starts
from rest at plate Y. [3]

(c) The separation between the plates is now halved but the pd is unchanged. The scientist
believes that the gain in kinetic energy of an electron travelling (from rest) from Y to X will
be unchanged. Verify this claim. [2]

Question taken from Edugas examination paper 842102, June 2017
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#5 6. The variation in gravitational potential near Pluto is shown by the graph.

Distance from centre of Pluto (in Pluto radii)

0 9 3
0.0 [
Potential /
MJkg™
_02
04 e
06 7
A
038

{a) Assuming that the potenfial at the surface is correct, confirm that the potential at 3r is
plotted correctly. [

(b) (i) Calculate the gravitational potential energy of a spacecraft of mass 600kg at rest
on the surface. [2]

STEMUP.CO.UK


https://stemup.co.uk

(1) ‘Escape velocity' is defined as the minimum velocity required for a body to escape
from the gravitational influence of a massive body. Calculate the ‘escape velocity’
of the spacecraft. [3]

(c) The radius of Pluto is 1.18 x 108m and the gravitational field strength at the surface is
0.62Nkg™". Using this information and by drawing a suitable tangent show that the
gravitational field strength at 2r agrees with the theoretical value given by:

gl 4]

Question taken from Edugas examination paper 842102, June 2019
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Two students, Ben and Sarah, use the following apparatus to investigate the ‘inverse sqquare’

#6 Nnature of Coulomb’s lawe.

= @ (OO0 Liomt cotton
/ er _ thread

Horizontal glass rod

supported at fixed

height. The rod can

be rotated by hand. =
.

Metal spheres

Insulated

;/suoport

The same negative charge is placed on both spheres. The distance, r, between the centres of
the spheres is wvaried and the reading on the top pan balance is not Sarah and Ben disagree

on the best method to mMmeasure .
Ben favours using a rualer with a resolution of 1 Mmm to measure it directhy.

Sarah suggests measuring the diameter of the glass rod with WVernmier calipers, with a resolution
of O.01 mm, to determine the circumference of the rod. The rod can then be rotated by hand, with

each complete rotation cormmresponding to the calculated circumference.

4]

State an advantage and a disadvantage of each method._

=) iy

i)y Suggest an improvement to omne of the technigues which wwould INncrease the
1l

accuracy of measuring

g=3] Vvhen » = 20 mm, the reading on the top pan balance is 0.01 grarm.
() Show that the wvalue of O O, the product of the charges on the spheres, when
= ZO MM is approximately <4 -4 > 1018 c2_ 31

One of the spheres is now discharged. The graph shows how the discharge current
wvaries with time._

4.0
Currents s,

iy

3.0

0.0
0.0 o.2 O.43 o.6 0.8

TimeJ S ms
Show that the walues given on the graph are consistent with the product o o, in
i) j==al

Hence, estimate the number of electrons on one sphere when the reading on the
balance is O.01 gram and » = 20 rmirm. [

Question taken from Edugas examination paper 842102, June 2017
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#7

(a) The diagram shows a seres of equipotentials around the Moon showing values of the
gravitational potential. A, B, C and D are four points on the equipotentials.

B A gravitational potential
N \‘\ —1.31 MJ kg
/ \ . —1.79MJ kg™
| |

.: @ )] oo MIkaT

(i) Explain why the potentials have negative signs. [2]

(i) A spacecraft of mass 300 kg orbits the Moon. Determine, showing your reasoning,
the changes In the gravitational potential energy of the spacecraft when it moves
from:

I. Ato B, 2]

. BtocC. 21

(1ir) The spacecraft is now directed from point D towards the Moon's surface with an
initial speed of 0m s~ in this direction. Calculate the speed at which the spacecraft
impacts with the Moon's surface.

[Mass of Moon = 7.35 x 1022 kg. Radius of Moon = 1 740 km] [4]

()] Many space agencies have deliberately crashed their spacecraft on to the Moon for
scientific purposes. The Lunar Crater Observation and Sensing Satellite (LCROSS) is
one example which, along with its companion rocket, Centaur, impacted with the Moon
in 2009 The following extract is taken from the space agency press release about the
mission-

The primary goal of LCROSS is to measure the concentration of water (ice) in permaneaent!y
shadowed lunar soifl. When the Centawr, weighing wup to 2366kg hits the floor of a
permanently shadowed crater there will be an initial flash followed by the creation of a
debris plume. If water is present on the floor of the crater, it will be thrown skyward. The
L CROSS spacecraft, following four nunutes behind, will collect and transmit data back
to hMission Control about the debris plume before itself impacting the swiface. A possible
result of both of the impacts is the creation of a temporary thin atmosphere of hydroxyl
ions. This resuwlting atmosphere could be detectable using telescopes on Earth.

[NASA LCROSS press kit June 2009]

Discuss the benefits and cost to society of such missions. [2]

Question taken from Edugas examination paper 842102, June 2017
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#8 8. (a) State one similanty and one difference between gravitational and electric fields. [2]

(b) Two parallel vertical metal plates are placed 5.0cm apart in a vacuum as shown. A pd of
150V is placed across the plates and a small sphere of mass 9.6 x 10~"®kg carrying a
charge of 2.4 x 10~ C is placed at point P. A side-on view of the arrangement is shown.

+150V . ov

(i) Show that the two forces acting on the sphere are approximately 9x 10-"N
vertically and 7 x 10~ N horizontally. [3]
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(i) Draw, inthe space below, a free body diagram for the sphere, showing the magnitude
and direction of the two forces acting on it. Determine the direction with which the
sphere will move away from P and include this on your diagram. [3]

{c) Calculate the ime taken for the sphere to travel a distance of 2.0cm. [4]

Question taken from Eduqgas examination paper 842102, June 2019
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(=) The diagram shows the elliptical orbit of a planet arcund a star. Use the diagram (by
#9 adding to it) to explain Kepler's second law of planctary moticn. 21

() Starting with Newton’s law of grawvitation, show that for a circular orbit, the period of orbit,
¥, of a planet arcound a star is related to its distance, r, from the centre of the star by the
relationship 7 o . Assume the mass of the planet is much less than the mass of the
star] =1

) Mars has two small moons, Phobos and Deimos. The diagram shows their orbital paths
arcound Mars.

(i) Phobos has an orbital period of 7.7 hours and the radius of its orbit is 9400 km.
Show that the mass of Mars is approximateby 6_4 = 1023 kg_ =1

{n) It is proposed to send a space-probe to study Phobos and Deimos. The first part of
the mission will be to place the probe in orbit around Phobos.

[ Show that the grawvitational potential due to Mars at the Phobos orbit is
approximately —4_ 5 MJ lkg—1_ I:

(1= The second part of the mission involves manosuwvring the space-probe into
a higher orbit to enable it to study Deimos. Howewver, on the jourmey to Mars
the probe used more fuel than was expected. Scientists are Nnow unNnsure as
to whether or not the probe has enough fuel to enable it to reach the orbit of
Deimos. The following information is available:

Energy awvailable per kg of space-probe: <1 _ <4 M.Jkg—"
Efficiency of fuel - burn process: 60 %6
Distance of Deimos from centre of Mars: 23 500 km

Assuming the mass of the fuel is very small compared to the mass of the
probe itself, and gnornng the grawvitational effects of both moons, determine
whether or not the scientists should attempt the mMmanoeuvre . =]

Explain why it is not possible to use the eguation A~ = mproeMfi when determining the
change in the gravitational potential energy of the probe as it mowves between these
orbits 11

Question taken from Edugas examination paper 842102, November 2020
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#10

[

fa) Complete the following table: [3]

Cuantity

Definition Vector or Scalar

Electric field strength, £

Electric potential,

(b)

Point charges of —12.0nC and +3.0nC are placed at A and B, 13.0cm apart as shown. P
iz a point in space which is 12.0cm from A and 5.0 cm from B.

(i

(i

=12.0nC 13.0em +8.0nC
A o ~-*B
S 50em
12.0em "o

7

Draw on the diagram two amows fo show the directions of the field strength at
P due to each charge. ]

Hence draw on the diagram one amow to represent the direction of the resultant
field strength at P. Label this arrow R. 1]
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(iiy Calculatethe magnitude and direction of the electric field strength at P. [4]

() (i) Show that the potential at P i + 540V. [2]

(i} Calculate the gain in kinetic energy in joules of an electron az it moves from infinity
to P [2]

(d}  Without calculation, explain how the de Broglie wavelength of the electron changes as it
mioves towards P [3]

Question taken from Eduqgas examination paper 842102, June 2018
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#1

H2

#3

Marking Scheme

Question

Marking details

Marks available

AO1

AO2 AOQ3

Total

Maths

Prac

(a)

,—{rm:z = eV applied (1)

d = vt used (1)

s= éar: used for vertical motion (1)
_Ya

&= d m

Substitutions & ok algebra (1)

(b)

Both are -ve charges OR move same direction (1)
Independent of m and g, hence, yes (1)

Question total

Question

Marking details

Marks available

AD1

AD2 AO3

Total

Maths

Prac

(a) iy

angle swept out ]
e — [or in words]
Or angle [accept: number of radians] swept out per unit time
[or per second]

1

Clear use of w =—‘:c:r equivalent (1)
Convincing algebra (1)

(b} (i)

Substitution into:F = mlr' or equivalent either before or after

rearrangement (1)
v=1.35kms" (1)

(i)

“":__”‘ = % or equivalent with Af and m correctly identified (1)
m cancels so speed of moon of twice the mass would be the
same as that of Deimos. [Must be supported by argument
even if argument not clear enough to give first mark.] (1)

or in words, e.g.

Equivalence of gravitational and inertial mass however
expressed, [e.g. the force would be double and the mass is
doubled] (1) Hence speed the same (1)

or

Another identical moon next to the existing one will orbit at the
same speed (1), so the composite moon [of double the mass]
will orbit at that speed (1).

Question 2 total

Question

Marking details

Marks available

AO1

AO2 AO3

Total

Maths

Prac

(a)

2.1 eV required to free electron OR subbing into Einstein's (1)
Remainder (8.2 eV) can become KE (1)

8.2 V corresponds to 8.2 eV (for electrons) (1)

+ve will stop electrons from escaping (or attractive force) (1)
Hence, +8.2 V is just enough to stop any electrons escaping (or any
greater and the electrons can't escape etc.) (1)

(b)

-9 . -
E= o quoted OR used OR implied (1)

Hence, E =1’: OR @ obtained using ¥ equation (59.3 pC) (1)

Answer = 126 [V m"]OR 1.26 if [V ecm "] (1)

Question total
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"4

#5

Question

Marking details

Marks available

AO1

AO2

AD3 Total

Maths

Prac

(a)

Horizontal line[s] with direction indicated from X to Y

(b)

Ve ~1800x1.6x107™

Substitution into F =— shown 3 (1)
d 3.2x10

F=90x=10"[N] (1)

(ii)

[Gain in B, = Work done by field]

Gain in Bz = 9.0 = 107 x 3.2 x 107 (1) (ecf on F)

Gain in E; = 2.88 < 107 J unit mark (1)

Alternative:

W=16x10"" <1800 (1)

=288 « 107® J unit mark (1) [Accept 13800V unit mark]

(iil)

x=ur+%ar and u = 0 (all possible by implication) (1)

F I
a =— and substitution step: ecf on F
m

»_ 2x3.2x10°x9.11x10™

9.0x10™

t=254 < 10" 5] (1)

Alternative:

Y% mv' = 2.88 «107° to calculate v (1)

)t
Application of x = m {1)ecfonvy
el

eq.t

(n

£=254 10 [s] (1)

(c)

Ve

F doubled (explained from

) (N

d
W= 2F x —sono change (1)

Accept: W= 0V and Q stated to be constant (1) so W remains
unchanged (1)

Question total

Question

Marking details

Marks available

AO1

AD2

AO3 Total

Maths

Prac

(al

-0.72=10°

1
I = —or equivalent or seen (accept 0.73) [1]
v

" shown as — 0.24 = 10° [Jkg™] [1]
Accept answers based on determination of

(b}

(i) | Substitution: Ep = 600 x [-] 0.72 x 105 [1]

Ee=[-]4.3x 10°[J] [1]

(1) | Concept: B = -Er or equivalent [1]

Substitution: 4.3 x 108 ecf = ¥« 600 = +* or
v=+/2x0.72x10° [1]
= 1.2 KmsT][1]

v

(e

Equation used to show that g at 2r should be % of surface
value or determined ie. gat 2r=0.15(5) Nkg™ or g =k or
equation used to calculate mass of Pluto [1]
Goad tangent [1]

0.56=10°

Gradient calculatedeg. ——
3x1.18=10°

=0.15[8] (approx.) [1]

) . 1
Appropriate comment or analysis to show that g = —[1]
i

Question 6 total
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H6

Marks available

Question Marking details AOT AO2 AO3 | Total | Maths | Prac
(a) (i) Advantage Disadvantage
Ben Easy to Inaccurate [only to + 1 mm] / 4 4 4
(ruler) | use/convenient / reference to parallax errors /
quicker difficulty in supporting ruler /
may touch spheres
Sarah | Diameter Diameter/radius of spheres
(rod) measured need to be known
accurately / greater | beforehand / difficult to
accuracy judge one complete rotation
/ difficult to measure angle
[of rotation] / difficult to set-
up / thread overlapping
4 » 1 mark - one response required from each cell
(i) | Any x(1) from:
« Pins/markers on ruler 1 1 1
+ Marker on cylinder
+ Measure diameter of spheres
+ Mark point at centre of each sphere and use a
travelling microscope to measure the separation
* Fix the ruler close to spheres
+ Smaller diameter rod
+ Use of Vemnier calipers (for Ben)
Don't accept repeat readings
(b) (i) | F=981 < 10°N (1) 1
-]
UseofF:%('l) !
-
010> = 4.36 x 107" [C7] (1) 1 3 3 3
(i) | 0 = (4.36 x 107" determined (or use of 4.4 x 107) =
200x10°C (1)
Area under graph calculated: 3.2 = 10% % 0.65 « 107 =
208=10°C (1) 2 2 2 2
Alternative:
Area, 9 =2.08 = 107 (1)
So 00 = (2.08 < 10°P2=4.3 < 10" C*(1)
i o 1 1 1 1
w ”:M: 1.31 = 10" electrons ecf on 0
1.6x10
Question total 1 7 3 11 6 1
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H#7

Question

Marking details

Marks available

AO1

AOQ2 AO3

Total

Maths

Prac

(a)

(i)

Potential at infinity =0 (1)
Work done on object to get to infinity, [therefore initial energy
must be negative] (or equivalent) (1)

(i)

Zero (1)

No change in patential {or on same “equipotential’). Do not
accept » unchanged unless reference made to potential
unchanged (1)

AV =(-179)—(-131) (1)
Change in gravitational E, = [-]144 M[J] (1)

(iii)

¥ at Moon surface calculated =-2.82 M[J] per kg (1)

Loss in E, =m = 0.63 MJ (ignore —ve sign) (1) ecf on ¥ at Moon
surface

Ym?® =m = 0.63 = 10° (1)

v= (126 105" [ms"] =112 < 10° [ms"] (1)

Alternative:

E,at Moon = -846 M[J]

Total energy at D = -657 M[J] (1)
Loss in E, (gain in Ey) = 189 M[J] (1)
v=1.12x10*[ms™] (1)

(b}

Benefits - Any x (1) from:

« Easier for humans to survive on Moon if water present
Help understand origin of Earth/Moon system
To advance science
Generate interest in science/space exploration
Develop new technologies
Create jobs

Costs - Any x (1) from:
+ Funding could have been used to address Earth based
Issues
« Little current impact on society
* Pollution of Moon

Question total
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#8

Question

Marking details

Marks available

AO1

AO2

AO3 Total

Maths

Prac

8

(a)

Similarity: Both are vectors or both obey inverse square law or
both have infinite range [1]

Difference: Gravitational fields are attractive only, whereas
electric fields can be attractive or repulsive. Or grawvitational
fields act on masses, electnc fields act on charges.

Accept, gravitational field is much weaker than electric field [1]

()

Substitution and answer F"=mg = 9.4 x 107 [N] [1]

7
Substitution .E-'=I—=LD_1 1
d 50=10

Substitution and answer F =Eq = 7.2 x 10-"*[N] [1]

(ii)

Fe=T72x 104|N|

W= 9.4 10 [N]

Frand W vectors comectly drawn and labelled (including
directions) [1]

Resultant direction of movement shown - no precision required
and ecf if Fr vector drawn to the right [1]

#=52.5" or a = 37.5" calculated and shown on diagram (or
equivalent, e.g. bearing 217.5 stated) [1]

Accept scale drawings

F. = (2410 ) +(7.2%10° o Fu = 1.18 x 102 [N] seen
or in (b)(ii) [1]
13
a|:=£:|=Mora= 12.3[ms?] seen [1]
m 9.6=10™"
0.04

Substitution and rearangement of x = taf ie. ¢ = 123

#=0.06 [s] Accept 0.057 [s] [1]

[

Question 8 total
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#9

Question

Marking details

Marks available

AO1

AQ2

AQ3 Total

Maths

Prac

(a)

Areas and time periods shown correctly or described [1]
Ay = 4, (= 43) indicated [1]

(b)

r re
2nur
T=——-J1

Y

Substitution and clear algebra step shown [1]
Or

., GM;
mro* =222 1)

r
2n
-1
@== [1
Substitution and clear algebra step shown [1]

(€)

2n
=77 x3600)
_(227x 10*Y x (9.4 x10%)

6.67x10™"
M =6.39[8] x 10= k[g] [1]

or 2.26(T) x 10 rads™ seen [1]

substitution and re-arrangement [1]

(i)

GM
Substitution into ¥, = 7 ie.

6.67x10"" x 6.4 x10%
Vg = 8
9.4x10

Ve=-45(4)x 10°[J kg'] [1]

0

667 x10"" x6.4x10%

V¢ at orbit of Deimos = = =
2.35x10

=-1.8(2) = 108 J kg'[1]

AV=-182+454=272M[Jkg"][1]

Energy available per kg of fuel = 0.6 x 4.4 = 2.64 M[J kg""] [1]

Scientists should not attempt manoeuvre [1] [ecf based on calculations]

(iii)

One of:

* g is not constant [over the distance between orbits]
» g decreases as height increases

» work done per metre decreases as height increases
» field is not uniform

Question total

10
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#10

Question

Marking details

Marks available

AO1 AO2 AQ2 Total Maths Prac
(a) Electric field strength, E, is the force per unit charge [on a small
positive test charge placed at the point]. (1)
Electric potential, ¥, [at a point] is the work done per unit charge [in
bringing the charge] from infinity [to that point]. (1) 3 3
E-vector and I- scalar (both needed) (1)
(b) (i) | -1z0ne 13.0 cm +8.0nc 1 1
Ame- +8
- 50 am
120em "
-
Both arrows seen. Ignore length of armows. [Must be along dotted
lines]
(ii) | -120ne 13.0 em +8.0nC 1 1
Ameo »8
T 50 cm
12,0 em
—— (=]
R
R correctly drawn and labelled [ecf]. Ignore length of arrow.
(liiy | EatPdueto A (—12.0nC) = 7500N C"_ %))
EatPduetoB (+8.0nC)=28800NC (1)
(Deduct 1 mark for powers of 10 error) )
Resultant field strength at P = (7 500° + 28 800%)'2 = 29 760N C
(1) (ecf on both values of E) [or using horizontal and vertical
components]
Comect trigonometric relationship applied e.g. between R and A:
8 =cos™ |' 7500 "|— 75.4° (or 14.6° between R and B) [accept 2 sf ¢ ‘ !
=% 129760 )" : P
and different ways of expressing directions] (1)
(c) (i) | Vo due to A (-12.0nC) =[ -] 900V 2 2 2
Ppdue to B (+ 8.0nC) = [+ ] 1440V Both potentials regardless
of signs (1)
Comect sign convention [and addition clearly shown] (= + 540 V)
(1)
Alternative
1 [-1zx107?  agxio™® .
Ve =E[ oo T sxm_:] values(1) and signs (1)
(i) | Comect substitution into "= gAV i.e -1.6 = 07 (#540-0) (1) 1
Oriw=-864=10"Jseen ( accept 540 eV converted into J) 1 2 1
Hence gain in B = (+) 8.64 =« 1077 J (1) (+) can be awarded by
implication
d h 1
(@ de Broglie 1=— (1)
P
Electron accelerates (or velocity or Ex increases) towards point P,
so momentum increases (need to explain why momentum 1
increases here) (1) 1 3
So 4 decreases (1)
Ecf from (c) on marks 2 and 3: If AE;, < 0 then opposite answer
required.
Question 7 total 5 10 0 16 7 0
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